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systemic oxygen balance have been well described in
the adult after cardiopulmonary bypass, including
reductions in systemic oxygen delivery (DO2) caused by
diminished cardiac output and increases in systemic
oxygen consumption (VO2),1-3 that are related to central
body temperature1 and the systemic inflammatory
response.2 However, few data have assessed the
changes that occur in systemic oxygen balance in the
early hours after cardiopulmonary bypass in children.4,5
Nonetheless, it is likely that these changes may differ
from those that occur in adults for a number of reasons.
First, resting VO2 is greater in young children than in
adults.6 Second, deep hypothermia and circulatory
arrest are commonly used during a pediatric cardiac
operation, which may alter VO2 and DO2. Finally, the
biochemical and hormonal responses to this stress have
been reported to be greater after a cardiac operation in
infants and children than in adults.7,8 In the early post-
T he balance between the systemic delivery and con-sumption of oxygen is critical in the optimization of
tissue metabolism in sick patients, including those hav-
ing undergone cardiopulmonary bypass. Changes in
Objective: We sought to assess oxygen consumption and its determinants
in children shortly after undergoing cardiopulmonary bypass opera-
tions. Methods: Twenty children, aged 2 months to 15 years (median, 3.75
years), undergoing hypothermic cardiopulmonary bypass operations
were studied during the first 4 hours after arrival in the intensive care
unit. Central and peripheral temperatures were monitored. Oxygen
consumption was continuously measured by using respiratory mass
spectrometry. Oxygen delivery was calculated from oxygen consump-
tion and arterial and mixed venous oxygen contents, which were sam-
pled every 30 minutes. Oxygen extraction was derived by the ratio of
oxygen consumption and oxygen delivery. Arterial blood lactate levels
were measured every 30 minutes. Results: There was a correlation
between oxygen consumption and age in patients older than 3 months
(r = –0.76). Mean oxygen consumption increased by 14.7% during the
study. The increase in oxygen consumption was correlated with the
increase in central temperature (r = 0.73). Nine patients had an arterial
lactate level above 2 mmol/L on arrival. There were no significant dif-
ferences in oxygen consumption, oxygen delivery, and oxygen extraction
between the group with lactate levels between 2 and 3 mmol/L and the
groups with normal lactate levels both on arrival and at 2 hours. One
patient with a peak lactate level of 6.8 mmol/L had initially low oxygen
delivery (241.3 mL · min–1 · m–2). Conclusions: During the early hours
after a pediatric cardiac operation, the increase in oxygen consumption
is mainly attributed to the increase in central temperature. Oxygen con-
sumption is negatively related to age. Mild lactatemia is common and
does not appear to reflect oxygen delivery or oxygen consumption or a
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OXYGEN CONSUMPTION AFTER CARDIOPULMONARY BYPASS SURGERY IN CHILDREN: 
DETERMINANTS AND IMPLICATIONS
operative period, an important goal of therapy is to
achieve optimal tissue oxygenation at the lowest ener-
gy cost, particularly within the injured myocardium.
Although the incidence of serious tissue hypoperfusion
is now low, relative tissue hypoxia because of marginal
tissue perfusion, which is often accompanied by lactate
acidosis, remains relatively common in patients under-
going cardiopulmonary bypass.3,9-11 The causes, impli-
cations, and optimal management of this imbalance
between DO2 and tissue demands are less well known,
however. The aim of this study was to obtain a better
understanding of VO2, together with its determinants,
early after pediatric cardiac operations.
Methods
Patients. This study was approved by our local ethical
committee, and written informed consent was obtained from
the parents of 20 children (10 boys and 10 girls) undergoing
a cardiac operation with hypothermic cardiopulmonary
bypass. The patients’ ages ranged from 2 months to 15 years
(median, 3.75 years). The clinical characteristics of the
patients are shown in Table I.
Technique of anesthesia, cardiopulmonary bypass, and
intensive care treatment. All patients were premedicated
with 1.5 mg/kg oral trimeprazine, 30 µg/kg atropine, and 0.5
mg/kg morphine (Triatromorph). Anesthesia was induced
with the inhalational agent sevoflurane (3%-7% in a mixture
of gases of 50% oxygen and 50% nitrous oxide). All children
were intubated with cuffed endotracheal tubes (Mallinckrodt
Medical, Northampton, United Kingdom). Anesthesia was
subsequently maintained with inhaled isoflurane, intravenous
fentanyl (8-15 µg/kg), and pancuronium (0.2-0.3 mg/kg).
Cardiopulmonary bypass was performed under conditions
of moderate to deep hypothermia with the lowest nasopha-
ryngeal temperature between 15°C and 33°C (median, 27°C),
nonpulsatile flow, and cold crystalloid cardioplegia. A flow
on cardiopulmonary bypass ranging from 100 to 150 mL ·
min–1 · kg–1 was maintained, and the mean perfusion pressure
was adjusted between 40 and 50 mm Hg by using isoflurane
to vasodilate and metaraminol to vasoconstrict when
required. Cardiopulmonary bypass was maintained for 24 to
157 minutes (median, 58 minutes), and aortic crossclamping
was maintained for 13 to 90 minutes (median, 38 minutes).
Patients were continued on bypass for between 6 and 64 min-
utes (median, 27 minutes) during rewarming until the central
body temperature was restored to 36.9°C ± 0.4°C (mean ±
SD) and hemodynamic stability was achieved. A pulmonary
arterial line was inserted before the termination of bypass.
Positive-pressure ventilation was recommenced after the dis-
continuation of bypass.
On return to the intensive care unit, the patients’ lungs were
mechanically ventilated by using volume-cycled intermittent
positive-pressure ventilation (Servo ventilator 900C; Siemens
Medical Systems, Solna, Sweden). All received continuous
intravenous infusions of vecuronium (74-256 µg · kg–1 · h–1),
morphine (40 µg · kg–1 · h–1), and midazolam (150 µg · kg–1 ·
h–1) during the study period. The minute volume was adjusted
to give an arterial carbon dioxide tension of 4 to 6 kPa. The
inspiratory oxygen concentration was less than 60% in all
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Table I. Preoperative clinical data for the 20 patients
Patient No. Sex Age (y) Weight (kg) Body surface area (m2) Diagnosis
1 F 6.00 14.7 0.66 MV prolapse
2 F 0.23 3.9 0.23 VSD
3 M 8.00 28.8 1.04 ASD
4 M 3.25 11.6 0.55 DORV, PAPVD
5 F 5.00 18.6 0.78 VSD with PT banding
6 M 4.00 19.1 0.80 ASD
7 M 4.10 15.4 0.64 TOF
8 F 15.00 48.3 1.46 Redo TOF
9 F 8.10 26.8 0.94 Cleft MV
10 F 3.75 12.7 0.58 Sinus venous defect
11 M 6.25 22.5 0.90 TOF
12 M 3.00 13.1 0.59 VSD RVOTO
13 M 1.33 10.4 0.47 TOF
14 M 2.00 10.6 0.47 AVSD with PT banding
15 M 0.25 4.5 0.29 VSD
16 F 0.17 3.7 0.24 AVSD
17 F 6.75 22.3 0.86 AVSD
18 F 2.25 11.9 0.54 DCRV, VSD
19 M 4.70 14.9 0.64 AVSD, VSD, ASD
20 F 0.92 6.3 0.35 AVSD
MV, Mitral valve; VSD, ventricular septal defect; ASD, atrial septal defect; DORV, double-outlet right ventricle; PAPVD, partial anomalous pulmonary venous
drainage; PT, pulmonary trunk; TOF, tetralogy of Fallot; RVOTO, right ventricular outflow tract obstruction; AVSD, atrioventricular septal defect; DCRV, double-
chambered right ventricle.
patients. All patients were naturally rewarmed without any
external heating, except for one young infant of 2 months who
was nursed in a Babytherm bed (4200 Dräger; Draeger
Medical Limited, Hemel Hemstead, United Kingdom) and a
15-year-old girl with a central-to-skin temperature gradient of
10°C who was covered with an external heating blanket.
Dopamine, dobutamine, and glyceryl trinitrate were used
according to each patient’s hemodynamic condition. After the
study, patients were allowed to awaken when body tempera-
ture and circulation were stable. Patients were extubated on
the basis of clinical judgment. All patients underwent echocar-
diography, which excluded residual intracardiac shunting.
Methods of measurements 
Patient monitoring. All children had continuous invasive
monitoring of systemic and pulmonary arterial and central
venous pressures. Heart rate was continuously monitored,
and the central body temperature (rectal) and peripheral tem-
perature on the skin at the great toe were monitored with stan-
dard temperature probes (Hewlett Packard, Bracknell, United
Kingdom).
Oxygen consumption. VO2 was measured continuously by
using on-line respiratory mass spectrometry according to our
previously described method.12 This is a highly sensitive and
accurate method for continuous gas analysis that allows
simultaneous measurements of multiple gas fractions within
a mixture. An Amis 2000 quadrupole mass spectrometer
(Innovision A/S, Odense, Denmark) was adapted for use in
patients ventilated with the Servo ventilator 900C. VO2 was
measured by using the mixed expirate inert gas (argon) dilu-
tion method.13 This requires analysis of inspired and expired
gases, together with the collection of all expired gas. Before
the study, the cuff of the endotracheal tube was inflated to
prevent leak. The pressure within the cuff was measured with
a manometer, and in all cases, to prevent hypoperfusion of the
airway mucosa, pressure was maintained below arterial dia-
stolic pressure. We performed a 2-point calibration of the
mass spectrometer, exposing the distal inlet both to a 4-gas
calibration mixture (nitrogen, oxygen, carbon dioxide, and
argon) and to zero gas (closed inlet). This calibration was
repeated at 30-minute intervals throughout the study period.
The calibration of tracer gas flow (argon) was achieved by
using a designated flowmeter (CT Platon, Basingstoke, United
Kingdom; accuracy, ±1.25%). Ambient humidity, tempera-
ture, and atmospheric pressure were recorded from an elec-
tronic barometer (BA-888; Oregon Scientific, Portland, Ore).
DO2, oxygen extraction, and lactate levels. Measurements
were made for the first 4 hours after return to the intensive
care unit. Arterial and mixed venous blood samples were
taken at approximately 30-minute intervals from the peripher-
al arterial and pulmonary arterial catheters. Sampling was
avoided if a change in ventilatory or hemodynamic support
was made within 15 minutes. Blood samples were analyzed
for oxygen, carbon dioxide, and lactate levels by using a blood
analyzer (Rapidlab 865; Chiron Diagnostics, Halstead, United
Kingdom). Cardiac output (CO) was then calculated by using
the direct Fick method, according to the following equation:
CO = VO2/(CaO2 – CvO2),
where CaO2 and CvO2 indicate arterial and mixed venous oxy-
gen contents, respectively.
DO2 and the oxygen extraction ratio (ERO2) were then cal-
culated by using the following equations:
DO2 = CO × CaO2
and
ERO2 = VO2/DO2. 
Statistical analysis. Data are expressed as means ± SD.
Comparisons were carried out by using the unpaired 2-tailed
t test. Correlation between 2 data sets was assessed by using
the correlation coefficient. The change of the data over the
study period was analyzed with single-factor analysis of vari-
ance.
Results
Baseline measures. At entry into the study, central
and peripheral temperatures were 36.6°C ± 1.3°C
(mean ± SD) and 31.8°C ± 2.9°C, respectively. VO2
was 142.8 ± 30.4 mL · min–1 · m–2, cardiac output was
2.6 ± 0.8 L· min–1 · m–2, and DO2 was 443.0 ± 113.6 mL
· min–1 · m–2; therefore the systemic oxygen extraction
ratio was 0.33 ± 0.07. Although the initial VO2 was
related to central temperature (r = 0.65), it showed
weak correlation with either the duration of cardiopul-
monary bypass (r = 0.21) or aortic crossclamping (r =
0.18), the depth of hypothermia (r = 0.11), the rewarm-
ing time on bypass (r = 0.15), or the temperature at the
end of bypass (r = 0.14). 
The arterial blood lactate level measured on arrival
was 1.8 ± 0.8 mmol/L, with levels of less than 2.0
mmol/L in 11 patients, 2.0 to 3.0 mmol/L in 8 patients,
and 3.8 mmol/L in 1 patient. There were no significant
differences between the patients with blood lactate lev-
els of less than 2 mmol/L and those with blood lactate
levels of 2 to 3 mmol/L with respect to age, baseline
VO2, DO2, central temperature (Table II), or the interval
between the time of termination of bypass and the time
of sampling (109.4 ± 27.6 minutes for the group with
normal lactate levels and 104.3 ± 17.6 minutes for the
group with high lactate levels). However, patients with
initial lactate levels of less than 2 mmol/L tended to
have had shorter cardiopulmonary bypass and aortic
crossclamp times and a deeper level of hypothermia
during the operation (Table III), although differences
did not achieve statistical significance. 
Change during the study period. For the group as a
whole, VO2 increased during the study period to 163.8
± 30.5 mL · min–1 · m–2 (P = .001, Fig 1), achieving
peak levels between the first and second hour of the
study in 6 patients and between the second and fourth
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hour in the remaining 14 patients. The maximum
increase in VO2 during the study period showed weak
correlation with cardiopulmonary bypass time, aortic
crossclamp time, the depth of hypothermia, rewarming
time on bypass, or temperature at the end of bypass.
Both central and peripheral temperature also
increased to 38.4°C ± 0.7°C and 35.9°C ± 2.2°C,
respectively (both P = .001, Fig 1). Comparing between
patients, the peak increase in VO2 during the study peri-
od was significantly correlated with the peak increase
in central temperature (r = 0.73, P = .001) but not with
the peak increase in peripheral temperature (r = 0.34, P
= .14; Fig 2). There was also a close temporal relation-
ship between the peak of VO2 and the highest recorded
central temperature. As a result, for every increase in
central temperature of 1°C, VO2 increased by 11.3% ±
8.0%.
Cardiac output increased to 3.4 ± 1.1 mL · min–1 · m–2
(P = .001), and DO2 increased to 546.1 ± 166.2 mL ·
min–1 · m–2 (P = .001, Fig 1). Oxygen extraction was
more variable but tended to decrease slightly over time
(P = .1, Fig 1). The peak increase in VO2 was signifi-
cantly correlated with the peak increase in DO2 (r =
0.64, P = .002). There was a variable change in oxygen
extraction at the time of peak VO2 compared with the
baseline values (r = 0.001, P = 1.0; Fig 2).
Overall, the mean arterial blood lactate level decreased
to 1.5 ± 0.7 mmol/L (P = .001, Fig 1). Among those with
lactate levels of 2.0 to 3.0 mmol/L on arrival, 3 had per-
sistently high levels (2-3 mmol/L) during the first 2
hours, but in each it had fallen below 2 mmol/L by the
end of the study period. In those with elevated lactate
levels at 2 hours, VO2, DO2, and oxygen extraction levels
in this subgroup at this time were similar to those with
lactate levels of less than 2 mmol/L (Table II).
The patient with the highest lactate level at the
beginning of the study had a peak level of 6.5 mmol/L
at 90 minutes and was the only patient with a signifi-
cant elevated level at the end of the study (3.9 mmol/L).
In this 15-year-old patient, VO2 increased progressive-
ly by 25.5% from 106.1 mL · min–1 · m–2 on arrival.
DO2 was initially low (241.3 mL · min–1 · m–2), and
there was a large central-to-skin temperature difference
(9.6°C). During the study, DO2 increased by 91.7%,
and oxygen extraction decreased by 34.1% (from 0.44
to 0.29). Although she required substantial inotropic
and vasodilator support in the early postoperative peri-
od, she was successfully extubated at 10 hours after
arrival in the intensive care unit.
In the 11 patients with normal lactate levels, inotrop-
ic support was used in 8 patients, with dopamine (3-6
µg · kg–1 · min–1) in 7 patients and with dobutamine (3
µg · kg–1 · min–1) in the other. In the 9 patients with a
lactate level of more than 2.0 mmol/L, dopamine (2-10
µg · kg–1 · min–1) was used in 4 patients, and dobuta-
mine (6 µg · kg–1 · min–1) was used in 2.
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Table II. Oxygen transport data in patients with lactate levels of less than 2 mmol/L and between 2 and 3 mmol/L
on arrival and at 2 hours in the intensive care unit (19 patients)
On arrival At 2 hours 
Lactate <2 mmol/L Lactate >2 mmol/L Lactate <2 mmol/L Lactate >2 mmol/L 
(n = 11) (n = 8) P value (n = 16) (n = 3) P value
Age (y) 3.7 ± 1.95 3.7 ± 3.4 .99 4.0 ± 2.6 2.0 ± 1.8 .17
Central temperature (°C) 36.7 ± 0.9 36.5 ± 1.9 .80 37.9 ± 0.7 38.4 ± 0.8 .40
VO2 (mL · min–1 · m–2) 152.1 ± 20.4 134.6 ± 38.9 .27 162.6 ± 26.5 149.3 ± 36.7 .60
DO2 (mL · min–1 · m–2) 458.6 ± 61.4 446.9 ± 153.1 .84 521.7 ± 113.4 424.1 ± 191.3 .47
Oxygen extraction 0.34 ± 0.06 0.31 ± 0.07 .48 0.32 ± 0.07 0.38 ± 0.10 .43
Values are means ± SD.
Table III. Cardiopulmonary bypass data in patients with lactate levels of less than 2 mmol/L and greater than 2 mmol/L
on arrival in the intensive care unit
Lactate <2 mmol/L (n = 11) Lactate >2 mmol/L (n = 9) P value
Cardiopulmonary bypass time (min) 58.1 ± 20.5 86.9 ± 43.9 .10
Aortic crossclamp time (min) 41.3 ± 19.2 54.1 ± 29.4 .28
Rewarming time on cardiopulmonary bypass (min) 23.7 ± 5.5 31.9 ± 17.2 .20
Lowest temperature (°C) 28.5 ± 2.9 25.4 ± 4.2 .19
Temperature at end of cardiopulmonary bypass (°C) 36.8 ± 0.5 36.9 ± 0.5 .61
Values are means ± SD.
Age and VO2.To correct for the potential confound-
ing effects of temperature, the VO2 measured when the
core temperature was closest to 37°C (36.5°C-38.0°C;
any time during the 4-hour period) was taken to ana-
lyze its relationship with age (Fig 3). In patients older
than 3 months, a close negative correlation was found
between age and VO2 (r = –0.76). However, the 2
patients aged less than 3 months had a significantly
lower VO2 (104.4 and 107.1 mL · min–1 · m–2, respec-
tively) compared with the rest of the group.
Discussion
This is the first study to investigate VO2, as well as its
relationship with DO2, oxygen extraction, and blood
lactate levels during the early hours after cardiac oper-
ations in children. Our data demonstrate that VO2
increases in the early postoperative period and that this
increase appears to be closely related to changes in
central temperature. Second, increases in VO2 are
closely paralleled by changes in DO2, and therefore the
oxygen extraction varies little during this period. Third,
mild elevations in serum lactate, which appear to be
common, do not reflect a deranged VO2 /DO2 relation-
ship and do not predict a difficult postoperative course.
Our study confirms that there is a wide variability of
VO2 in children after cardiac operations, although over
all our average values of VO2 were lower than those
previously reported in sedated children in the early
postoperative period.4 This may be related to the effects
of paralysis in our children, all of whom were heavily
sedated and paralyzed with a vecuronium infusion dur-
ing the study to obviate the confounding effects of
movement, agitation, and pain on VO2 and to allow a
more precise analysis of its determinants.
The determinants of VO2
Age. It is widely known that VO2 expressed as a func-
tion of body surface area is greater in younger than in
older awake children.6 This relationship has also been
reported in sedated children with congenital heart mal-
formations during cardiac catheterization14 and in anes-
thetized children before a cardiac operation.4 This rela-
tionship seems to be less obvious in studies in children
younger than 3 months14 and some infants,4 in whom
VO2 may be significantly lower than expected. A simi-
lar trend was seen in our patients after cardiac bypass
operations, with an inverse relationship between age
and VO2 for those over 3 months when measured at nor-
mothermia.
Body temperature and cardiopulmonary bypass with
hypothermia. In early experimental studies performed
with adult volunteers, an increase of 1°C in body tem-
perature was shown to increase VO2 by 13%.15 A rela-
tionship between body temperature and the increase in
VO2 has also been demonstrated in adults and children
after cardiac bypass operations.1,4 Our data reinforces
these previous observations, with an approximate 11%
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Fig 1. Mean ± SD values of central and peripheral tempera-
tures, oxygen consumption, oxygen delivery, oxygen extrac-
tion, and arterial blood lactate levels during the first 4 hours
after admission to the pediatric intensive care unit after car-
diac bypass operations in 20 children. In the panel concern-
ing temperatures, the solid line indicates central temperature,
and the dotted line indicates peripheral temperature.
rise in VO2 per degree of central temperature.
Furthermore, there was a close temporal relationship
between the peak of VO2 and the highest recorded cen-
tral temperature. Because no external heat supply was
used in all but 2 patients, our results demonstrate the
relationship of VO2 and central body temperature under
natural rewarming conditions after hypothermic car-
diopulmonary bypass.
The increase in central body temperature may be
attributed to 2 factors: normal homeostatic rewarming
and fever induced by the inflammatory response after
hypothermic cardiopulmonary bypass. Although cen-
tral temperature is returned to normal by active
rewarming at the end of cardiopulmonary bypass, mus-
cle and subcutaneous fat remain hypothermic, and
therefore only 65% of the heat loss is returned to the
patient by active rewarming.16 In our patients central
body temperature was 36.8°C at termination of bypass
and was 36.6°C (mean) on arrival in the intensive care
unit. Subsequently, the time taken to reach a central
body temperature of 38°C varied from 1 to 4 hours.
The increase in VO2 during this time presumably
reflects the need to generate heat and the catabolic
effects of fever and inflammation. Attempts to reduce
this increase in VO2 during rewarming from hypother-
mic cardiopulmonary bypass have been made.
Extended active rewarming during bypass failed to
reduce the increase in VO2 postoperatively in one
study,17 but in other studies provision of an external
heat supply was reported to reduce the oxygen uptake
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Fig 2. The relationships between peak increase in VO2 and peak increase in central and peripheral temperatures
(top), between peak increase in VO2 and peak increase in DO2 (bottom, left), and between peak increase in VO2
and the change in oxygen extraction at the time of peak VO2 (bottom, right) during the first 4 hours after admis-
sion to the pediatric intensive care unit after cardiac bypass operation in 20 children.
in adults during the rewarming period.18,19 Our study
also showed no correlation between active rewarming
time or the temperature at the end of bypass with the
increase of VO2, and because only 2 patients were treat-
ed with an external heat supply, no comment regarding
the use of external heating in children can be made.
A postoperative fever or temperature overshoot
(>38°C) was seen in 15 of 20 children. Fever is one of
the signs of the systemic inflammatory response
induced by cardiopulmonary bypass.20,21 It has been
reported that this inflammatory response may help to
explain the 50% variability of VO2.2 It follows, but
remains to be demonstrated, that strategies that reduce
systemic inflammatory response22 should reduce the
increase in VO2. A more pragmatic approach may be to
actively reduce the central temperature. Moat and asso-
ciates23 induced moderate hypothermia (32°C-33°C) in
children with refractory low cardiac output states after
a cardiac operation to reduce systemic, as well as
myocardial, oxygen consumption. VO2 was not mea-
sured in this study, but end-organ function appeared to
improve with this strategy. Clearly, however, a more
formal assessment of the relationship between cardiac
output, VO2, and central temperature is required before
this can be recommended as routine therapy.
Relationship between VO2, DO2, and oxygen
extraction. The increase in VO2 was accompanied with
an increase in DO2, although with variable changes in
oxygen extraction. This finding is in agreement with
that of one study9 but different from findings in some
other studies,1,4,10 which found that the increase in VO2
depends mostly on the capacity of tissue oxygen
extraction, whereas the relation with cardiac output is
relatively weak because of impaired cardiac function
after a cardiac operation. This may be because our
group of children had a relatively stable cardiac func-
tion preoperatively. However, the close relationship
between VO2 and DO2 as such should not be interpret-
ed as the so-called VO2 and DO2 dependency phenome-
non. To demonstrate this phenomenon in individual
patients would first require independent measurement
of VO2 and DO2 and would secondly require repeated
determinations of VO2 during imposed acute changes in
DO2 over a limited period of time. These were not done
in the present study.
Arterial blood lactate and oxygen balance. Blood
lactate levels are commonly measured to assess the ade-
quacy of tissue perfusion and the balance between oxy-
gen supply and demand in patients after cardiac bypass
operations. Mild hyperlactatemia is relatively common
after cardiopulmonary bypass, typically with a range of 2
to 4 mmol/L,3,9-11 although higher levels (>5.0 mmol/L)
have been reported.24-26 Only one of our patients fell into
this category. This patient had a low DO2 (241.3 mL ·
min–1 · m–2), a large central-to-skin temperature gradient,
and clinical evidence of a low cardiac output early after
an operation. The lactate level fell as the DO2 increased in
response to inotropic and vasodilator support and surface
rewarming. It is also likely that this lactate acidosis was
associated with a defect of tissue oxygen extraction
because despite a 91.7% increase in DO2, VO2 increased
by only 25.5%, and the lactate level remained signifi-
cantly elevated at the end of the study period. The lactate
acidosis in this case should not be confused with the so-
called type B lactate acidosis24 described in other postop-
erative studies.
The pathophysiology of the more modest hyperlac-
tatemia seen frequently after cardiac operations
remains uncertain. A relationship between plasma lac-
tate level and both cardiac output27 and outcome25,26
has been suggested, but at the levels measured in our
studies, this was not the case. There was a tendency for
the duration of cardiopulmonary bypass, aortic cross-
clamp time, and the depth of intraoperative hypother-
mia to be greater in the patients with lactate levels of
greater than 2.0 mmol/L on arrival, which is in keeping
with the findings of others,24 but the difference was sta-
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Fig 3. The relationship between oxygen consumption and age
when central temperature was closest to 37°C during the first
4 hours after admission to the pediatric intensive care unit
after cardiac bypass operations in 20 children. In the 18
patients older than 3 months (filled circles), it shows a trend
with a y value of –3.8155x + 177.34 and an r value of –0.756.
The other 2 patients younger than 3 months (open circles)
had a significantly lower VO2.
tistically insignificant in our study. If absolute cardiac
index is not important, then its distribution may be a
factor. The gastrointestinal tract is suggested to be the
major source of lactate around the time of cardiopul-
monary bypass,28 and splanchnic ischemia has been
found to persist during the first few postoperative hours
from studies on the basis of gastric tonometry.29,30
What is clear, however, is that a modestly elevated
blood lactate level does not predict more important fail-
ure of global DO2 and cannot be used either as an index
of cardiac output or expected outcome.
Limitations of our study. Our study was performed
in relatively stable and older children. No neonates
with circulatory arrest with hypothermia were includ-
ed. In addition, because our values for systemic oxygen
delivery were derived from the measured oxygen con-
sumption, the potential for mathematical coupling lim-
its our ability to analyze the relationship between these
parameters regarding the phenomenon of delivery-
dependency of oxygen consumption.
Conclusions
VO2 is closely correlated with age in children after
cardiac operations. The increase in VO2 during the first
4 hours after return to the intensive care unit is mainly
attributed to the increase of central body temperature.
Mild elevations in blood lactate levels are common and
do not appear to reflect cardiac output, DO2 or VO2, or
a more complicated postoperative recovery.
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